Objective: Lichen planus (LP) is an autoimmune inflammatory disease of the mucocutaneous tissue, whose exact pathological course remains unclear. Abnormal thiol/disulfide homeostasis has been postulated to be responsible for a number of diseases predominated by chronic inflammation. To be able to contribute complicated and unclear pathogenesis of LP, we aimed to investigate dynamic thiol/disulfide homeostasis in patients with LP, using an original automated method developed by Erel and Neselioglu in this study.
Methods:
The study group consisted of 81 unrelated patients with LP and 80 unre- Results: Native thiol and total thiol levels were found as significantly higher in patients with LP than the control group (P = 0.026 and 0.035, respectively). There was no significant difference between the disulfide levels of the patients with LP and the control group.
Conclusions:
We provide evidence that that thiol/disulphide homeostasis impaired in favor of thiol levels in LP patients compared to the control group based on the data of our study. To the best of our knowledge, the present study is the first examination on the correlation between thiol and disulfide homeostasis in patients with LP.
K E Y W O R D S
disulphide, homeostasis, lichen planus, oxidative stress, thiol different results. These results suggested that oxidant/antioxidant imbalance may play a role in the etiopathogenesis of LP. 2, 3, 6, 7 Thiol groups are compounds containing a sulfhydryl group (-SH) and are important members of the antioxidant cascade as they destroy ROS and other free radicals by enzymatic as well as non-enzymatic mechanisms. 8 During oxidative stress, protein thiol groups are oxidized to form disulfide (-S-S-) bonds. The disulfide bonds formed, the earliest sign of protein oxidation are reversible could be reduced back to thiol groups, maintaining the homeostasis between thiols and disulfide groups. 8, 9 Dynamic thiol/disulphide homeostasis represents an important function in numerous vital events such as programmed cell death, 
| Method

| Biochemical assays and thiol/disulfide homeostasis parameters measurement
Venous blood samples were taken in tubes containing ethylenediaminetetraacetic acid (EDTA) obtained from patients and healthy controls to measure biochemical parameter and for thiol/disulfide homeostasis tests after an overnight fast and serum was separated from the cells by centrifugation at 1800 g for 10 min and stored in the freezer at −80°C until the time of analysis. All samples were assayed at the same time. Serum native and total thiol concentrations showing thiol/disulfide homeostasis were calculated with a novel fully automated colorimetric method that is developed by Erel and Neselioglu. 15 Erel et al used modified Elman reagents for thiol measurement. Sodium borohydride (NaHB4), a reducing agent, is added into serum to be able to determine total thiol level; consequently, dynamic disulfide bonds are reduced to functional thiol groups. Subsequently, formaldehyde is added and unused NaHB4 is exhausted. All thiol groups, including reducing and native thiols, are calculated after they are reacted with 5,5′-dithiobis-2-nitrobenzoic acid (DTNB). Half of the difference between the total thiols and native thiols (total thiol − native thiol)/2 supplied the dynamic disulfide amount. The ratios of disulfide/total thiol, native thiol/total thiol and disulfide/native thiol were calculated according to the native thiol, total thiol, and disulfide amounts. There was a statistically significant difference between the native thiol and total thiol levels of the patient groups and control subjects (P = 0.026 and 0.035, respectively). Native thiol and total thiol levels were found as higher in patients with LP than the control group ( Figure 1 ). These findings showed that thiol/disulfide homeostasis was imbalanced in patients with LP, and it was shifted toward the thiol side. There was no significant difference between the disulfide levels of the patients with LP and the control group.
| Statistical analysis
The disulfide/native thiol percent ratio and disulfide/total thiol (P = 0.001) percent ratios were lower in the patients with LP group than in the control group even if they are not statistically significant. The thiol/disulfide homeostasis parameters of the 2 groups are shown in Table 1 and Figure 1 . When correlation between thiol disulphide balance and patient characteristics was investigated, native thiol and total thiol levels were detected as significantly higher in females according to the male population (P = 0.006 and 0.005, respectively). A statistically significant negative correlation between patients' age and native thiol and total thiol was seen. We detected that native thiol and total thiol levels decreased with increasing age.
| D ISCUSS I ON
In this study, we examined dynamic thiol/disulfide homeostasis in a group of Turkish patients with LP using a novel automated method.
A statistically significant difference was observed between patients and controls according to the native thiol and total thiol levels (P = 0.026 and 0.035, respectively). Native thiol and total thiol levels were found as higher in patients with LP than the control group. It can be concluded that thiol/disulfide homeostasis was imbalanced in patients with LP, and balance point shifted to thiol formation. However, we could not detect statistically significant association between the disulfide levels of the patients with LP and the control group. To the best of our knowledge, this is the first study investigating the thiol/disulphide homeostasis in patients with LP.
LP is an autoimmune inflammatory disease of the mucocutaneous tissue, whose exact pathological course remains unclear. Sezer et al 3 suggested that increased oxidative stress, increased lipid peroxidation and an imbalance in the antioxidant defense system may be involved in the pathogenesis of LP. They found higher serum NO, MDA, SOD levels and lower erythrocyte CAT levels in patients with LP compared with the control group. Recent studies have supported these findings leading to an imbalance in the antioxidant defense system in their study. 2, 6 Similarly, in another study significantly lower levels of serum protein thiols and total antioxidant levels and higher serum MDA levels in oral LP were detected. Conversely, our study has been contradictory to this previous study since the native thiol parameteres were found higher in the patients with LP.
Serum thiols are physiological free-radical scavengers and are responsible for 52.9% of the total serum antioxidant capacity NT: Native thiol; TT: Total thiol; SS: Disulfide; SS/NT: Disulfide/Native thiol; SS/TT: Disulfide/Total thiol; NT/TT: Native thiol/Total thiol. Values were given as mean ± SD, number (%) or median (IQR). P < 0.05 was considered statistically significant. The significantly P values were marked as bold.
and modulate antioxidant enzymes related to glutathione. Thiols are found in plasma and structure of proteins, albumin, cysteine, homocysteine, cysteinylglycin, glutathione (GSH), and gammaglutamylcysteine (γ-GluCys) (Turell et al). 10 When in the same environment with ROS, thiol groups are oxidized and form reversible disulphide bonds. [8] [9] [10] Until 2014, thiol/disulphide homeostasis could be measured unilaterally; however, the method developed by Erel and Neselioglu succeeded to measure homeostasis levels separately and additively by providing the individual measurement of both the thiol and disulfide levels. 15 Providing the accurate measurement of both sides of the balance completely easier and fast with both a manual and colorimetric method is the most striking advantaged and superior properties of this a novel and automated method. 15 In the light of all the studies that indicated the pathophysiologic role of the oxidative stress in LP, we hypothesized that there might be an impaired thiol/disulphide homeostasis in LP patients when compared with the controls and designed this study.
In our study, native thiol and total thiol levels showing prominent antioxidant property were significantly higher in patients with LP than the control group. This could be in response to the continued production of the ROS, which needs thiols for detoxification and could reflect that the total serum thiol levels in these patients may have the ability to protect against oxidative stress. The increased serum thiol levels could be an adaptive response to counteract harmful effects of the elevated concentrations of ROS. An increase in antioxidant enzyme activity such as SOD activity has also been described in other chronic inflammatory skin conditions, such as atopic dermatitis, psoriasis, and urticaria. 16 It is likely that the overexpression of thiol levels results from an increased secretion of cytokines, as reported in LP. The main event in the pathogenesis F I G U R E 1 Thiol/disulfide homeostasis parameters between patients and controls seems to be the increased production of cytokines that induce recruitment of Langerhans cells and clonal expansion of cytotoxic cells. 1, 3, 6, 7 Subsequently, the increasing levels of serum thiols as a reactive response may contribute cell proliferation and advancing of the lesions in LP.
Erel et al showed that plasma thiol/disulfide balance altered to thiol in proliferative diseases such as multiple myeloma, bladder cancer, colon ca and renal ca since the plasma disulphide levels were found lower in these patients. Conversely with these findings, the plasma disulphide levels were detected as higher in patients with degenerative diseases such as smoking, diabetes, obesity, and pneumonia causing the balance altering to disulfide. 15 Similarly, a recent study performed to be able to investigate the dynamic thiol/ disulfide homeostasis in patients with psoriasis since psoriasis is one of the diseases in which oxidative stress has been considered in the etiopathogenesis. Concordant with our results, they detected that thiol/disulfide balance shifted toward thiol in psoriasis patients and concluded that the elevated thiol levels could cause increased keratinocyte proliferation forming the main mechanism of the pathogenesis of psoriasis. 17 Similarly, in the recent study performed in patients with basal cell carcinoma balance point shifted to thiol formation since disulphide levels decreased and thiol levels increased, by reflecting the concordant results just like in proliferative diseases, especially several carcinoma species. 18 In our study, thiol/disulphide homeostasis weakened in favor of thiol levels just like in the patients with proliferative diseases concordant with the results of the previous studies. Glutathione (GSH) is the major low molecular weight thiol in cells, the most significant source of thiol in humans and plays a central role in controlling cellular thiol/disulfide redox state, which is essential for normal redox signaling. 19 An association between cellular GSH concentration and proliferation has been established in numerous studies, in which GSH precursors or rising cellular GSH has been found to augment cell proliferation. 19, 20 From this point of view, we suggest that the increasing levels of serum thiols against the oxidative stress may contribute cell proliferation and progressing of the lesions in LP since the thiol/ disulfide homeostasis may cause changes in cellular circumstances.
We can understand that LP is a proliferative disease because of the immunopathological and histopathological findings of the disease such as characteristic "saw-tooth" pattern of epidermal hyperplasia; hyperparakeratosis with thickening of the granular cell layer; and vacuolar alteration of the basal layer of the epidermis, with an intense infiltration; mainly T cells at the dermal-epidermal junction. 21 
| CON CLUS IONS
In conclusion, we provide evidence that thiol/disulphide homeostasis impaired in favor of thiol levels in LP patients compared to the control group based on the data of our study. To the best of our knowledge, the present study is the first examination on the correlation between thiol and disulfide homeostasis in patients with LP. In the light of this study, further studies with large cohort on different populations and ethnicities will be necessitated to better elucidate the complex LP immunopathogenesis and confirm these findings.
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